Anatomical, physiological, morphological, behavioural, and ecological data in the literature show that many different adaptations are involved in the process of food specialization in Carabidae. It is proposed that the phylogenetic relationships among the taxa of this group can be based on feeding habits, and that the subfamily Carabinae is comprised of food specialists, and the Harpalinae of generalists. Consequently, food specialization within this family should be seen as an ultimate phylogenetic, rather than as a proximate ecological process caused by competition for food.
INTRODUCTION
The present paper surveys a number of adaptations involved in the process of specialization for food in carabid beetles. It will argue that the time scale of ecological processes can be much shorter than the time required for food specialization to occur when a great number of interrelated adaptations are needed. In another paper (HENGEVELD, 1980) it was shown that 24 carabid species investigated are polyphagous and that degree of polyphagy varies. Furthermore, dietary composition differs from species to species, although there is overlap. This can be shown by comparing the number of common components with the relative number of components per species. There is a relatively little overlap between the diet of the two species groups of generalist and specialist feeders. That specialist species can be distinguished from generalist species within the same family raises questions about how and why this specialization has occurred. The processes that lead to generalization or specialization cannot be identified unless sufficient data are available on food availability.
The time scale of these processes of adjustment to food availability and the trait that is affected by this adjustment must be investigated.
Changing a phenetic trait need not take very long, but bringing about a change in body plan would obviously take much longer.
* (Communication 224 of the Biological Station, Wijster, The Netherlands).
DIETARY PREFERENCES
It is interesting to note that most specialist species among the Carabidae belong to the subfamily Carabinae, which contains, excluding the Cicindelidae, only about 25 per cent of the carabid species (THIELE, 1977) . Carabus species mainly feed on worms and snails, Cychrus species prefer snails (e.g. THIELE, 1977) ; species of Leistus, Notiophilus (ANDER-SON, 1972; BAUER et al., 1977 ; and SCHALLER, 1949) , Elaphrus (BAUER, 1974; BAUER et al., 1977; and SCHALLER, 1949) , and Loricera mainly eat collemboles. THIELE (1977) included Nebria in his list of oligophages ; DAVIES (1953) has shown that N. brevicollis consumes a high proportion of collemboles. Incidental observations on Notiophilus spec., Loricera pilicornis, and Leistus spec. by myself confirm these observations. Calosoma climbs trees to find the caterpillars it feeds on (BURGESS & COLLINS, 1917; THIELE, 1977) , and Cicindela is also a genus of actively hunting and highly specialized predators (FAASCH, 1968) . This latter genus belongs to the family Cicindelidae which is most closely related to the Carabinae within the Carabidae, and indeed is sometimes considered part of it (e.g. BASFORD et al., 1968; JEANNEL, 1927 ; THIELE, 1977 , cf. also CROwsoN, 1955 . The smaller-sized species of the Harpalinae seem to consume collemboles; the so-called micro-arthropods they eat include small spiders and mites, as well as collemboles (e.g. ANDERSON, 1972; and DAVIES, 1959) . The smaller Harpalinae include species of the genera Asaphidion (BAUER, 1971; and DAVIES, 1953) , Bembidion (BAUER, 1975; and HENGEVELD, 1980) , Dromius, Microlestes (DAVIES, 1953) , and Dyschirius (THIELE, 1977 , although this author considers this genus to be a member of the Carabinae). Agonum assimile and Pterostichus strenuus which have been included by HENGE-VELD (1980) in his specialist group B, could be added to this list of species on the basis of their similarity in size and diet. In how far it is justified to exclude the smaller Harpalinae from the specialists proper, depends on their hunting behaviour, as well as on their degree of morphological adaptation. It is not clear from Table 5 in HENGEVELD (1980) or from DAVIES'S (1953) data whether Nebria brevicollis. should be assigned to the generalist or the specialist category, for this species consumes a wide variety of animal food. PENNEY (1965) also observed this, although she said that this species is "strictly selective on the basis of size and also shows distinct preferences for certain types within this size range". She concluded this because more collembolan remains were found in the crops than were expected from the number occurring in the litter. Mites were eaten in the same proportion as they occurred in the litter, even though they are easier to catch than the collemboles.
